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INTRODUCTION 


The broad objective of this work is the determination 
of the effect of a semi-flexible welded connection acting 
in a single-span steel rigid frame.) Wore specifically, 
the objective of the study is a comparison of the action of 
an articulated frame under gravity loading with the action 
of a semi-articulated frame under the same leading. The 
articulated frame is defined as a single-span steel frame, 
having rigid joints at the knees, pinned connections at the 
base of cach column, and a pin connection at the erown. The 
semi-articulated frame is exactly similar to the articulated 
frame, with the modification that the pinned connection at 
the crown in the latter is replaced by a semi-flexible welded 
strap connection in the former. 

The need for an investigation of the action of the semi-~ 
fiexible welded type of connection hee arisen in conjunction | 
with theoretical work now being done on articulated wedge~ 
beam framing by Mr. Arsham Amirikian, head designing engineer 
with The Bureau of Yerds and Doeks, U. 3. Navy. Mr. Amirikian 
has exhaustively covered the theoretical aspects of this new 
type of framing and will soon publish the somplete theory, in- 
cluding analytical formulae and tables for use in the construc- 


tion industry. 


1. The particular frame involved in thie study will differ 
from the conventional ceneerts because of the use of redge- 
beam members, as will be explained later. 
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A brief outline of the basic principles involved in 
wedge-beam framing may be found in a preliminary artiele.i 
Conventional design methods de not fully utilise the materials 
in flexvursl members, in that they require the choice of an 
entire member based on some maximum strese occurring at only 
one point in the member, Yedge-beam framing involves the 
use of tapered beams (See Fig. 2) whieh are designed te furnish 
& varying section modulus to conform roughly to certain moment 
diagrame, thus avoiding iarge rortions of understressed 
materials, 

The concept of an articulated frame compo sed of wedge- 
beam members is based on the action of a simple eantilever 
besm in flexure, The simple cantilever beam in flexure ex- 
hibite a unique characteristic which dietinguishes it from 
any other member in flerure, i.e., it has a consistent pattern 
of bending since the moment diagram inevitably varies from a 
minimum at the free end to a maximum at the fixed and, no 
matter what system of lateral loading is applied. fhis postu- 
late ie illustrated in Fig. 1, Seferring to Fig. 2, it is 
geen that the introduction of a pin at the center of the hori- 
zontal member of a frame enuses simple cantilever action in 
the two girder members thus formed, the pinned ende being 
anglogous to free ends. Horesver, if these girder members are 
wedge-beams, the taper of each girder may be made to furnish 
@ section modulus which varies along the length of the girder 


in close accord with the section modulus required by flexure. 


NE He Ry ERY Cm ry te mL PED te I ih le Ay A Sit Gale RO SO ie SS CAD SSO CR AY RID SSE FN NI le i OE ime A. NAR in RS: SS A OR SUR eS NS RE iN I ah ies a aR HIRED ome 


1, Awirikian, A, "Future Developments in ®elded Steel Bulldings". 
The Yelded Journal, XVII (Aug. 1948) 692-599. 
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This explanation of the underlying principles of wedge- 
beam framing is admittedly brief and is presented in the nature 
of a background to the main topic, since this work does not 
eoneern itself primarily with the wedge-beam theory. Also, 
any discussion of the expeeted carvings in cost and weight 
resulting from the application of this theory is considered 
outside the scope of this atudy. These advantages of weage~ 


beam framing are treated at length in Mr, Amirikian's work. — 
However, it ean be readily be seen that the economie advantages 
of wedge-beam framing are nullified te some extent by the 
necessity of providing a true hinged eonnection at the crown 
of the frame, since this tyne of eonnection is relatively 
expensive. If an inexpensive welded strap could be substituted 
for the crown hinge, without materially changing the elastic 
action of the frame under loading, then the eeonowie drawback 
eceotiated with the crown hinged connection eould be avoided, 
and at the same thee the complete theoretical derivations made 
by wy. Amirlkian fer the ease of the true hinged connection 
would hold valid. Herein lies the practical justification 

for the pursuit of the study of the effect of a semi-flexibie 


welded connection. 
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III. GENERAL DISCUSSION 


Sel. Method of Attack. The method of struetural model 
analysis lends iteelf readily to an investigation of the effect — 
of a semi-flexible connection. Model analysis may be defined 
briefly ag an attempt to simulate field conditions in a labora- 
tery by the use of a laboratory structure emailer than the 
field structure but nevertheless representative of it. It is 
of course necessary to interrret the behavior of the laboratory 
structure, hereinafter called the model, in order to determine 
the prcebable behavior of the field structure, hereinafter 
Calied the prototype. 

The use of model analysis is currently in favor in the 
structural engineering field, but it has not always been se. 

The basic principles of model analysis, generally known as 

the laws of similitude between teo eystems, have been established 
for a relntively long period of time,1 but their application 

to structural analysis hae been painfully slow. A precise 
technique and a good understanding of the lawe of eimilitude 

ae they apply to the interpretation of model behavicor have only 
been attained in the last twenty-five years. Greater faith in 
model analysis hae led te the expenditure of large sume of money 
for well-aquipped model laboratories by both governmental and 
private agencies. These ilaborateries, and the important results 
ebtsined therein, have esused the general acceptance of the 
method of model analysis. 


1. Hewton. Principia, Book II. (1687). 
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dngineering literature generally gives three possible 
reacons for the use of model analysis: 

(i) Mathematieal analysis of the problem concerned is 

virtually impossible. 

(2) Mathematical analysis is possible but it ie complex 

and tedious to a degree that justifies a shert eut 
by model analysis. 

(3) rhe importance of the problew is such that vert fica- 

tion of the mathematical solution by modél testing 
is warranted, 

The investigation of the effect of a semi-flerible con- 
nection in wedge-beas framing fits under reason (1) above 
becausée of the inherent indeterminateness of the particular 
welded strap sonnection involved in thie problem. However, 
there is an additional reason for the use of model analysis 
in this etudy. Designers in the field wi11 be most hesitant 
to accent any theory differing from conventional framing methods 
ae does wedge-beam framing unless very thorough esperimentation 
backs up that theory. Comprehensive exneriments and teste 
will be required to give validity and emphasis to the theoreti- 
Gai derivations of wedve~beam framing. It is hoped by the 
authors that this work will prove te be one part of the needed 


experimentation. 


in the applieation of model analyeis te this investigation, 
a prototype wedge-beam structure was first designed. Although 


the advantages of the new framing are more marked in mul tivie~ 
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bay frames of one or wore stories {and in fact the original 
intent of Sr. Amirikian was that the applieation would be to 
multiple-bay framing) it was felt that a single-bay frame 
would be sufficient for all purposes of this investigation. 
This frame was designed in accordance with modern methods. 

The next main step in attacking the problem was the 
ecmputation of theoretical deflections and defleetion angies 
in the prototype acting as an artieulated frame. These 
«Quantities were first calculated by an eaployment of the well 
known method of vitual work, and were subsequently checked 
by formulae furnished by Mr. Amirikian which were extensions 
of the slone-defleetion principle. 

Hext it was necessary to design and conetruct a wodes 
or models. There were two alternatives: )1) One model could 
be built with an interchangeabie type of connection at the 
crown, i.e., a true hinged connection or a welded semi-~flexible 
somnection ¢ould be substituted dne for the other at the erown, 
and experiments eculd de run with each tyre of connection 
acting, or (2) two identical models could be built, one with 
a hinged connection permanently attached at the crown and the 
other with a semi-flexible connection at the same location. 

The first alternative was not used because of the uncertainties 
of welding and re-welding the respective eonnections at the 
Grown of the frame. The authors believed that the comparatively 
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i. Griffiths, John D, § Span Rigid Frames in Steel. 
(Hew York: Get. 1948 
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iarger amount of welding required in the neighborhood of 

the crown by the first alternative would cause leesal distor- 
tious and would destroy the vital elastic similarity of the 
frame itself for each test. Therefore tro models were designed 
and gonstrusted, 

Finally, the instrumentation for meneuring deflections 
was designed, the actual experimentation was conducted, and 
the data from this erperisentation waa interpreted with regard 
to ite bearing on the problem being investigated. 

& summary of the pro¢edure of this study is given in the 
Zollowing outline: 


i. Design of typical prototype frame by methed currently 
used in the industry. 


2, Gomputation of deflections and deflection angies in 
prototype by theoretical analysis. 


tx 


. Suployment of laws of simllitude to deduce prorortions 
of model from those of prototype. 


4. Preliminary testing of steel used in models, and 
teeting of methods of constructing model. 


5. Design of model structure and its supporting framerork. 
6. Construetion of model components and erection of model. 


7. Design and construction of instrumentation for 
measuring geflection quantities. 


&. Piscement and adjustment of model in testing position. 


9. Application of load conditions and measurement of 
resulting deflections. 


10. Translating and sumwariving the observed data. 
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3-2. Design Data and Assumptions, The dimensions chosen 
for the prototype wedge-beam frame were a 40 ft. span and a 
12 £t. height. The span length was measured from center line 
of column to center line of column, and the height was measured 
from the pin at the base of the celumn to the center line of 
the girder. See Fig. 2. The distance from the center line of 
one @olumn to the crown hinge was a helf-span length, or 20 ft. 

A uniform load of 1000 pnt or 1 kpf was aecsumed to act 
along the upper flange of the girder member. For the purposes 
of this study 1t was permissible to consider this load eas the 
total ioad acting on the frame, ineluding dead load and live 
load. The dead load would consist of the weight of the frame 
iteelf plus the weight of roof decking. This loading system 
eorresronds to a roof ioading of 60 pref total whieh a spacing 
between frames of 20 ft. 

The design of the wedge-beam frame was a cut~-and-try process. 
in conventional design the only variable is the size of the 
rolled section; that is, a seetion must be shosen which furnishes 
suffigeient section modulus and area to meat the requirements 
of the leading system without overstressing the steel. In 
wedge-beam design, there may be two variables, since one wethod 
by which a wedge-beam may be constructed is by splitting a 
rolled wide-flange section along its web and rewelding together 
the two segments thue formed, ac illustrated in Fig. 8, The 
two variables are the size of the rolled section from which the 


weige-beam is to be made (the “parent® section) and the taper 
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or slope of the cut. It is readily seen that « sharper cut 
will give a deeper cross«seetion at the haunched end of the 
bean, thugs providing a greater section modulus at this point, 
and a more shallow eress section at the small end. in this _ 
design, & 431 out was used as a basis, the 4:1 cut meaning : 
that the resulting haunshed end of the wedge-beam would be 
four times as deep as the emall end. After preliminary 
Salculeations, a 167740 rolled section was decided upon, and 
thie section was eut at the 12 inch and 3 ineh points, as 
shown in Fig. 2, resulting in the girder and column senders 
ehown in the sane figure. 

iach girder member would he joined to a coluun seaber to 
fora one-half of a syumotrieal three~hinged, or artioulated 
frame. The two half frames would then be joined by a hinged 
connection at the crown. The resulting structure is statically 
detersinate, and whee loaded as previously explained gives a 
horizontal thrust of 16.67 kips and a vertical reaction of 20 
kines at eagh base pin. The moment diagram is shown in Fig. 2, 
and the thrust and reaction computations are shown in Part 1v.+ 

This structure was then analysed to see if the maxioun 
steel stresses were approximately equal to the design limite. 
An analysis was made of the combined stresses of direct and 
flexural loading at the eritieal knee seetions DB’ and 2", 
Pig. 4.2 The results of the analysis (See Part IV) showed 
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1. The analytiesal work deseribed throughout this section will be 
found in detail in Part IV, Computations and Experimental Data. 


2. Griffiths. Single Span Algid 
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that both the girder and column were underdesigned. & 
three or four per cent underdesign would generally be permitted 
in the field,! but in actual design work the coluan, overstressed 
by nine per cent, would be redesigned. However, in wedge-beam 
framing a mere sharpening of the cut would provide the required 
properties without any change of “parent menber", The nine 
per cent underdesign was pernitted to stand without change, 
ginee the protetype was not ta be budit and it was anticipated 
that « sharpening of the ciore of the wedge-benm would increase 
the difficulty of model eonetruction. The email ends of the 
column wedge seubers in the model would have been of prohibitively 
email dimensions had the elope of the eoluan wedge sewbers been 
increased. 

in order te simplify reasonably the design of the models, 
the following assumptions were made regarding the loading of 
the preotetype: (1) Only static loade act. Wind and other 
forees of dynawie origin were not eonsidered. The static 
forees considered were two, namely, gravity and elasticity. 
(2) There was no aceslerated movement of any model componente; 


hence inertial forees were not considered. 
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1. The nigel tabard for this yh payne ye may be found in the 
example design computations in Griffith, Single Span Rigid 
frames in Stee). 
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3-3. Somputation of Deflection and Deflection Angles. 

As previously memtioned, the linear deflestion at the 
crown hinge and the angular deflections at the base pins 
and the crown hinge were computed theoretically. ‘The first 
method used in these somputations (virtual work) is of very 
general application and need not be derived. The resuite 
were sheeked by the use of formulae proposed by Mr, Amirikian; 
the sumeriesl discrepancy between the two methode was #0 small 
ae to oe negligible in the case of the angular rotation at 
the base pine, and amounted to only about 0.4% in the ease 
of the angular retation at the crown hinge. The mal] 
diserepancy in the latter care was entirely of arithmetical 
origin. <Aetually the computations in the two methods are in 
essence the sume; thie fact in itself argues the validity of 
both methods, since they were arrived 2t by diseimilar deriva- 
tions. The derivation of the Amirikien formulse follows. 
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Nefleetion Angle Formlae 
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ALL SYMBOLS REFER TO) FIG. 7 


1 Case = "nsymmetrical Loading 
der lac. 1 om angle a1t crown = OBA 


angle at base pin = Gap 
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untt load at crown 
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m = moment due 
My= moment due to vertical 
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The expressions for OBC and O@cB are identical to the above 


except for integration limits. 
For application of these formulae see Table IV, Part IV. 
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ted. SomdePloxible Welded Connection, As previously 
stated, the second sodel wae exactly similiar te the first 
excent that a welded eteel etrap connection wae qubeti tuted 
for the true hinged sennection at the erewn. This semi-flexible 
was designed as two plate steel 
ttraps, one to be fillet-welded te the front side of the two 
adjoining webs and the other to the back eide. See Fig. &. 


@onnection for the protetree 


These strape were deliberately made smell enough so that they 
wOUlLG be stressed beyond the eleastia Limit inte the plisetic 
range. The reetangular fibre etress distribution shown in 
Pig. 8 wae assumed; this distribution is a limit condition 
and is not aetually reached at ang time under leading. 326 kai 
wag used ae a conservative value for the yleld point of sild 
structural steel, and hence as the value of the fibre stress 
ordinates in the stYess distribution diagram of Fig. &. 

The design criteria for the welded strape were (1) the 
vertical shear at the crown eaused by uneymeetries: uniform 
loading of half the span of the frame, and (2) the compression 
in each strap eauged by the horlrontal thrust to be transmitted. 
Computations for each eriteria are shown in Part IV. it was 
found that the compression ruled the design; each strap wae 
treated as a strut, ite L/8 ratio was computed and the allowable 
compressive unit stress determined. ‘Tso strane, 2° ¥ $* in 
cross section, were found to be sufficient. The unsupported 


length or gap batween adjoining girdere wag taken as @", which 
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14 
is sufficient to prevent any interference between the tro 
girders when they deflect under losding, The total length 
of the straps wae not designed; this length must be long enough 
to allow sufficient fillet welding to handle the horizontal 
thrust. 

the soment resietance of this particular strapped 
gonneetion, ag computed in Fart IV, wae 1.276 ft~ips. 

& good approach to an understanding of the properties of 
& welded connection acting in a wedge-beam frame may be gained 
by initially considering two erytreme cases of such & sonnestion. 
One liniting care ie illustrated in Table ¥; thts Ch BO involves 
no strap whateoever, the abutting ends of the girder senders 
merely being welded together throughout their depth. Thie — 
connecticn is a rigid one and aakee the frame etatioally indeter~ 
tinate to the first degree. The horirontal thrust was considered 
ae the redundant reaction and ware eseived for by the general 
“method of indeterminates. Virtual work was used for the com 
putation of the neseesary deflections. It was found that the 
moment suetained at the grown by thie connestion one 86.9 ftekins, 
ana the moment at the Hmee wae 162.1 ft-kins. 

The other limiting caee has previously been diseusged and is 
iilustrated by the use of a true hinged eonnestion, or pin, at 
the crown. This connection ean take no moment and remaults in 
& loaded frane with sere soment at the crown and 200 ft-kirs at 
the knee. It ie seen that the plaetic welded: strap designed in 


this section is intermediate in nature between these two extremes 
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but that it is apparently much closer to the case of the pinned 
connection. As explained in the Introduction, the purpose of 
thie thesis is to determine whether the elastic action of the 
frame when connected with a atrap which deforss plastically 
4g substantially the same as its action when connected at the 
erown with a pin. If this is so, then the theoretical deriva- 
tions for true hinged wedge-beam framing will hold valid in the 
ease of the relatively inexpensive welded strap eonnection and 
the field of application of weige-~beam framing will be enlarged. 
There is an sdditionali aspect of a welded strap eennection 
which is worthy of serious study, although it ‘gannot be eovered 
in this work. An examination of the two extreme cases heretofore 
described will demonstrate that the sum of the moments existing 
under load at the crown and at the knee is in any ease 200 fte 
kips. That is, the welded strap +111 tate whatever moment 1+ 
ean until? it yields and the remainder of the 200 ftekinp momant 
will be thrown back to the knee of the frame. It ie seen that 
the weided strap can. be over-designed to varying degrees so that 
it takes any portion of the 200 ftekins up to the limit of 36.9 
ft-kips, although any appreciable overdesign willy of course, 
destroy the validity of the Amirikian theoretical work for 
wedge-beam framing. However, as long as such deliberate over- 
design does not exeeed the moment resisting properties of the 
emall ends of the girder members immediately adjacent to the 


_ oeeea, the overdexign eculd be utilised by a proper extension 
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is 
of theory to effect even further aconomies in steel framing. 
The girder and column mneubere of a fran are designed ty a iat, 
computation of stresses at eritical sections of the knee (See 
Pig. 4) and it is in thie ease region that the stresses are 
reduced by am appropriate overdesign of the welded strap. to 
recapitulate, the erperisentation in thie work was Carried out 
te determine whether the strar actually bends intc the plastic 
Yange substantially es is shown theoretioally in Fig. 8. The. 
strap acting in this fashion would demonstrate only the small - 
moment resistance of 1.275 ft-kips (computed in Fart iV) and 
protabiy would not saaterialiy slter the elastic action of the 


frame from its action when a trae hinge is acting at the crown. 


JeG. onstruction of the Kocel: The sume af Similituge. 
Symeboie used in thie seetion are defined as foilows: 


i linear @dimension 

& - gren of eroese~section 

a nowent of inertia 

& moment of a force 

& wodulue of elaetieity 

me weight of gravitaticnal force 
¥ Zoree in general 

w weight per unit volume 

n linear seale reduction fastor 
& unit strain 


These sysbols when unmodivied refer to the prototype; the 
subscript *1" indientes a function of the model. 

& linear senle reduction faetor is firet aseumed and other 
Felationships of model to protetype are mathematically deduced 
from this factor, The two fundamental principles upon which 


this deduction is based are that the model and prototype muat 
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be geometricaligy and sechinically similar. + in order to achieve 
geometric similarity, homclogoue linear dimeneions of the sodel | 
must be proportional to those of the prototype. In order to 
achieve teshanical similarity, homolegour forces must have a 
fixed ratio to each other. 
There are two forces acting on the frame:? 
{i1) The external forees due to gravity's action on the 
loading, expressed by 
7 RoW (1) 
(2) The internal elastic foreer in the frame senbers, 
expressed by 
v= Ake (2) 
Thew. vegause Of mechanical similitude 
er . as 
ae ee 
Gut geometric sinilitude requires that unit strains in the 
two systems be egual; henee 
#@= As (a) 
W 4h 
& linear reduction of n would of sourse result in 6 reduction 
of area of crogs-seetion by n°; however, with speeial reference 
to & structural frame, it is not necessary to limit the ares 


reduction te thie value, although it te desirable to keep the 
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1. Beggs, Davis and Davie: Teste on i Se Hodels Gh izongaed 
san francisco-Uakland Suspension Sridge. (Berkeley, Calif. 193)p.: 
2. Beggs, Uavis and Zavie. Testa on Structural Models of Eronosed 
San srangheco>Caklund Suspension Sridge. pp. 67-71. | 
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reduction as some function of n%, It has been found advan 
tageous to determine the area reduction in conjunetion with 
the force reduction, the latter being aseused as 


es" (6) 


Substituting in equation (4) to obtain the area reduction 


factor 
A= n? x Eh (8) 
i 


A soment of a force way be expressed in terms of a force 


tines a linear digsention 


E-- B= at xan ob (7) 


A comparison of two similar members ehould contain the 
terms for moment of inertia and modulus of elasticity, since 
the stiffness of a flevural secber is dependent upon both of 
these terus. The elastic curve of a beam is 

fo Be) or to (8) 


where # le the radius of curvature of the beam. EF is 6 linear 
dimension and the ratio of He may be expressed in terma of the 


Linear reduetion factor n. 


ae 3 - wade wail » (9) 


Height may be expressed in the foree aquation 
W = wAL (10) 


Then 
« pf (11) 
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Substituting for 4. and , | 
ieee 


. +0 s 35s © ne (12) 
or “.* 3 x) (18) 
7 he 


. Re last formula giving the density relationship is 
redumiant in @ sense beeause if the ioad and area reduction 
factors are followed rigorously the density reduction is auto- 
@aticaliy obtained in the model design. he derivations of the 
laws of siwiiltude given above are relatively simple, and the 
deduced laws apply only to statie models. 

Strietly, all of the above laws should he used when a 
model structure is proportioned from a prototype design. owever, 
in thie work 1% war virtually ioroesibie to proportion a model 
using both the reduction lawe for moment of inertia and for 
area. Since the mod@l was to be tested in flexure, the former 
tera wee manifestly more iopertant and the moment of inertia 
wae reduced exantls secording to equation (9) above. Thus 
equation (6) above (and henee equation (18) also) were the only 
_dawe of slvlitude net followed strictly in the sodel design. | 

4& model deeigned in adhersuse to these laws of similitude 
should show when loaded angular deflections and polit linear 
defiestions equal to these of the loaded prototype. 


G6. Ghoise of Umterial for Model Conetruction. 

Yuralumin, Orage, eelluioid, and eteel have 411 been used in 
models cigilar to the one designed in thie work. Since this 
thesis wae soncerned with the atudy of a welded cemi-flexible 
eonnestion, the caleetion of steel as a model saterial wae 
almost mandatory. Yoo many uncertainties would have been 
intre@uced by atteerting to weld materiale other than steel, 
since the prototype frame was steal econetruation. Once this 
ekcice wae wade, the seleetion of the direst method of model 
analysis (whereby the model is loaded in « scanner simhiar to 
the prototype leading) follewed naturally, sinee the indirect 
method (in whieh the model lesding bears no direct relation 
to the prototype londing) generally involves the use of saterials 
of the relative etiffnese of celiuloid, 

S07. inear Beduetion Fastog. 11 was antieipated that 6 
relatively iarge gogel would be necessary to provide surfieient 
espace in the region of the erown for the welding ef the semi- 
fierible strap. In fact, a straight linear reduction of the 
welded strap previously designed for the prototype by any reasote 
abie linear redugtion factor would reanlt in a model strap too 
mall to be fabricated in the uedel. It wae desired te obtain 
@ strap connegtion in the model ef moment resistances proportional 
to the moment resistance of the prototype strap eonnestion. in 
order to obtain thie proportional relationechip it was decided to 


builé the largest model convenient for eonstruction and experi- 
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| mentation. The figure of n = @ wae finelly chosen, reeul ting 
is a model of 40/6 or 6 seat in epan and 12/8 or 14 feet in 
height. The emallest welded strap that could be fabricated, 
even uging a model of thie sise, mtili offered a mozent 
resistance proportionally greater than the prototype strap, 
although the proportional relationship was aubetantially attained. 
& larger model also reduces the effeet of secondary streeses 
and the effect of gmail inaceurseies in construction. 
The results obtained from model analysis decend upon the 
| eGale of the seodel. A deflection meagurewent observed from a 
seali model would not be exactly equal to the corresponding 
@efieetion seaeurenent observed from a large motel. Phis 
phenomenon te known as gegle effeet. It 12 one of the uncertein 
ties of model anslysie and is a subject worthy of investigation 
each time such an analysis is attempted. An investigation of 
stale sffoct var eoneidersd outeide the scope of thie thesis; 
however, the conetrection of a smaller model than the one dena. 
gvibed above (n = 20) was contemplated but aot consummated. 
the design of this smpller wodel is ineluded tn (fab. YIII) 
far reference. Thea table gives the depths of the aodel numbers 
at the centers of the various sagments. This sealler model 


wae aleo cegigned of eterl. 
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G@. Cross Section of Model Members. In model analysis 
where direct loading is used, lateral duekling (deformation 
in directions af right angles to the agtion of gravity forces) 
is generally a preblem. <iater stability im model mowbere vas 
achieved in thie werk by simulating o rolled wide»Slange seetion. 
This type of seetion eomplicated the eonstructicn of the models, 
sinee it wae necessary to weld thin plate eteel to simulate at. 
dowever, the extra stabliity and similitude ebtained was aon 
sidered worth the gompitieation. 

The eualler model (mn = 20), whieh wae proportioned but not 
gonstructed, was designed for a rectangular ¢eroee eection, since 
ite s#aller span liwited the amount of buckling expected. 

The governing factor in the design of the eroess section of 
the sod@l members was the proportional reduetion of the moment 
of inertia from the cross section of the protetyre. This 
reduction wae by the fourth power of the linear reduction factor 
h, a8 derived in the pravious seetion and presented in Table Vi 
for the larger sodels, It wae necessary to preportion the 
modele so that they would cresent e moment of inertia equal toe 
In. Table VI, at the center of the proper segment ar shown in 
the same table . (Ip was obtained from Pig. 6.) This wae done 
by designing the web members of 11 gauge plate steel and of 
dimensions reduced exactly by eight from the eorresponding web 
dimensione of the ptototype (See Table VII). The moment of 


Anertia furnished by each web slon@ ie repreeented as 1,,). 


Gol. (6), Table Vil; the remainder of the total I required 
tn the model (Im) was furnished by the flange sections, which 
were of 16 gauge steel welded to the wed sections. In order 
to furnish ewactly the proper inerenent of moment of inertia 
to bring the total I up to Ig. it was necessary to taper the 
width of the flanges from a minimum of 0.160 in. in the region 
of the knee on epprorimately a straight line variation to a 
maximus of 0.677 tn. at the pins.) This particular method of 
designing the model also made it possible to compensate for 
deviations in actual thickness of the steel plates from their 
catalogue thicknesses by varying the flange sreae acecrdingly. 
The larger models, as designed, presented a moment of inertia 
at all seations exactly equal to 1/,4 times that of the proto- 
type. although 1¢ wae doubtful if ecenstruction procedures 
maintained thie saeeuracy, even though ali preenautions within 
the limits of time and money available were taken in building 
the models. | 

Sinee the emaller models (mn = 20) were of reetangular 
Groes section, it was only necessary to compute the reduced 
moment of inerti« at each of the various segtente and from 
this calculate direstiy the depth of the cross section at the 
Genterg of the various segnente. AD additional arbitrary 


facter uw was applied to beth the laws of simtilitude for weight 


1. dt should Oe mentioned at this point that, although this thesis 
G@alg oniy in wedge-beame of tapered depth and constant flange 
wicth im the protcotype, Mr. Amirikian has extended his theo- 
retical wedge-beam derivations te inelude the eaea of wedge 
beams with tapered depth and tapered flanges. 
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loading and for moment of inertia, ag shown in Table VIII. 
This factor a hag sometimes been called a “slice factor"; 
ite use 1s a matter of convenience and dees not invalidate 
the laws of similitude. As previously mentioned, these 
eualler models were not actually construated, although they 


may be built at seme later d4ate in an extension of this work, 


S-9. Boupting af Hodel.. To simplizy the lateral — 
bracing of the wodele, it wes electe* to mount the model heri- 
fontally. (See photographs.) 4 plywood sheet, 8' long by 4' 
wide by 6/4" thick, was seeured atop tec tables which hed been 
placed side by side. A 2 # 4 wae attached at anon edge of the 
plywood to stendy it on the tables and to prevent ite ovaer- 
turning under the applied losd. It wae believed that the 
eciuan base pin resections of spproximately 200 1h. and the 
thruete of appromimately 260 ib. would be exeecsive for the 
8/4" plywood to realet in bearing. Hence a @" steel dave plate, 
six inches equare, was provided to take the bearing from anch 
Goluwn pin. Such of these two steel plates transmitted the 
renotions and thrugts to the plyweed through eight wood serews. 
The base pine were angshored in each base plate by the use of 
empl uDgie seotions selded atop the plates and drilled te 
receive the ¢° steel rods shich served as the bare pine. 

io prevent frictional effeets between the model seetions 
and the plywood, one-half inch ball bearings were placed at 
seversl polats under the webs of the model menbere. These ball 


bear’ n,.. rolled on thin glase sheets pleeed on top of the plywood. 


ALOT ae oad ne 
| RP eh, a. Seriet: he u 
Paey ae re a rr i A) 


For lateral support, weights were placed as needed on top 
of the sodel members directly over the tall bearings. 


BiG. Helded Stran fox Mode). It wae stated previously 
that the welded strap eenneection for the model could not be 
reduced in any fashion from the design of the welded strap for 
the prototype, gsluee such reduction would result in a strap 
too email to be fabricated in the model conetruction. 4 ¢cleare 
anee or gap of %" between adjacent girder mewbers at the erawn 
was decided upon; this value wae well in excess of the computed 
minisus distance for avoiding any interference between the two 
mexbers when the defiest under leading. Three trial straps | 
were computed (See Part IY) and the moment resistance of each 
of these determined by the stress distribution theory illustrated 
in Pig. 8. <Aseording to the laws of similitade, the soment 
resistance of this strap should be 1/p3 times that of the proto~ 
type. The first two trial straps, of thickness 1/6", offered 
&@ resistance congiderably in eoxeess of thie vaive; the third 
trial etrap, of thiekness 1/16", offered a resistance of about 
twise this value, All eomputations were based on a pair of 
identical straps, one welded in front of and the other behind the 
web. it eas finally decided to use but one etrap in front of 
the web, Although this caused a slight eesentric loading of 
the one gtrap, it eas believed that the advantage gained by — 


having a welded eonnection yielding a moment reeistance properly 


rue ais 


Be ee ee 


proportional to the protetype resistance outweighed the 41% 
advantage of eccentric loading. Therefore the strap connection 
used consisted of one small metal plate, 1/16" thick, @” deep, 
and approximately 23° in length, welded across the webs of the 
adjacent eirder@ at the crown, 


“Gell. Leading of Hodel. In accordance with the laws of 
siniltude, the total lead on the model was reduced by the 
factor n® from the total ioad on the protetype. Since linear 
span wae reduced by n, the resulting reduction in linear load — 
wae 2°/n or a. This gave for the model a total load of Spegy 


or G25 is. and a linear load of 12 or 186 1o. per foot of 
span. Such a loading appears excessive; yet the eelection 

of « larger aucdel, for reagons heretofore given; nesessitated 

@ ioading of this magnitude. The arbitray factor am, mentioned 
in Section 2-8, gould have been applied to leasen the loading 
on the model, but it also would have been neecersary to appiy 

4% to the reduction of the soment cf inertia for the aodel, 
Pesulting in a lesser sogent of fnertia of arose section at 
each segnent of the model. The smallest moment of Inertia in 
the model (at the small ende of the wedge beans) was 0.01279 in,4 
without the use of the factor m, and any lessening of this value 
would have resulted in a prohibitively amall erces section at 
the s@ali ends of the bease. Therefore 1% was judged impracti- 
Sabie to igssen the reguired loading by use of the arbitrary 


factor a. 
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Sinee it wae not feasible to simulated uniform losding 
on the model, it wae decided te appiy ten concentrated loade 
at intervals of six inches symmetrically placed about the 
mid-point of the frame, Hach concentrated lond, therefore, 
was 525/19 or 62.5 1b. , 

- It wae necessary to apply the leading in mall increments 
in order to obtain data fer plotting lead ve. defledtion eurver, 
The loading problem thue presented wae to obtain «a material of 
total weight 626 1b. which eould be applive in amali inerements, 
and of avuffielent density so that exeecsive volume was not re 
quired. The first loading coneldered was lerge celibrating 
weights, out these vere. unodtalsable in euffielent quantity. 
Sater ang sand were discarded becaure of the large voluses re~ 
quired in the livited epace available. Wereury was sonsidered 
but rejected because of the prohibitive eest, although it would 
have been an ideal loeding agent. Pinelly se suffielent quantity 
ef steol punehinge were cbtained, weighing approwimately cne- 
half lb. each, , 

it wae decided to apply the loading to the frame by bracing 
2/32" vraided steel aable in loops around the girder sections 
at the ten loading pointe. seh loop was prevented from wandering 
from the loading point by emall ehellow steel chammels welded 
at the loading point and through which the eable was threaded. 

The lengths of ste@l cable vere led over pulleys mounted at the 
eage of the plywood and thence to steel buckets which acted as 
sontainers for the steel punchingsa. it is seen that the load 
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was applied to the top flange, simulating the loading of the 
prototype. | 

The pulleys were 2° outside diameter fibre ball bearing 
pulleys of the aireraft eoutrol tyne. and were assumed friction 
less. ‘The buckets were sade of 11 gauge steel rolled to « 
five-inch diameter and tack welded; their bottoms were 11 gauge 
piate, and heavy wire handles were attached. 4 senle wae uved 
to weigh out desired amounte of eteeal punchings. 


S12. Construction of Membere. It was first attempted 
tc attach the 16 gauge flange plates to the 11 gauge webs by 
intermittent fillet welds on the inside of the flanges. A 
trisi section was thue welded; the resuit, in srite of skip 
welding and other precautions, was a lateral dietertion of the 
web plate, 

it wag next atteapted tc attach the flange plates to the 
wed plates by drilling 59/gg* holee in the flange plates at 
regular spacing and plug sWadite through these holes to the 
@ige of the web. The welds did not penetrate on the trial 
sections and the joining was unsuccessful. This method was 
modified by countersinking the holes in an attempt te secure 
welé penetration, but the effort was again unsuccessful. 

Finglly slot welding wae tried and a successful joining 
attained. The flange plates were eplit in halves and the two 
halves were simultanenuely welded te the wed by a continuous 
giot weld te form each flange. This wethod has the outstanding 
advantage thet 26 does not change the ecroes section of the beam 


by any deposition of weld metal. 
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& dincoln DC welding generator was used; 22 volts and 90 
amperes current were used, aud the rod eas a 2/32" ecated 
electrode, AWS #& 6012. 

After the flange seations were welded to the web, they 
were miiled down to give the tapered width flange previously 
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giz. Zabrication of Bodeis. The girder servers and 
@oluan members, sonstructed as described in the last paragraph, 
sere joined by butt welding the top edge of eseh eolumn to : 
the underside of the corresponding girder. Dimensional accuracy 
in this welding process was assured by the use of steel jigs 
especially constructed for the purpose. ‘ach member wae pinned 
to the jig so that it was in ite correct pogition relative to 
the seaber to whieh it was being joined, and so that 4t could 
not creep from that position under the influence of welding 
etresses. 

4&4 deep rectangular nut, drilled out to receive a 2* pin, 
wan welded to each eolumn at ite lewer end. This aut, when 
gonnected by a pin to the steel base plate previousiy deseribed, 
provided a true hinged connection of vere soeent resistance 
@t the base of each eoluen. Thies base detail wae identical in 
the articulated model and in the sond-artion lated eode@l. 

fo form the hinged erown connection in the articulated 
aOdel, the web of one of the adjoining girdere eae extended by 


welding a plate steel tongue to 1%. This ste#l tongue was 
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@rilled to receive a ¢* pin. Twe flanking seetions of plate 
steel were welded to the web section of the other girder; 
these flanking sections were also drilled for a &* pin. When 
this sodel was erected for terting, the tongue section was 
inserted into the gap between the flanking seetions, the pin 
holes were lined up, and a smail removable pin was used to join 
the two girders together. 

The strap which was used for the sewt-flezible connection 
at the crown of the seni-artieulated acodel has been previously 
deseribed as 1/146*% thick, @* deep, and aprrerimately 22* long, 
eng the reason for using one strap in the connection inetead 
of two hee been shown. (See Sedtion 10, Page 26). ‘This 
trap was welded to the front of the web of each adjoining 
girder by an around-the-end fillet. The welds were of sufficient 
etrength to remain absolutely rigid, so that all bending and 
yielding took place in the strap proper. 

Bonsulteation of the included pheotegrarhs should skarify 


the deecription of wedei conatruction. 


SEP LAT WEA TH TION 


gua. 


The apparatus used for measuring 
deflections consisted of steel pointer arme, Ames deflecticn 
dials, and the mountings for the dials. The eteel pointer 
arne were made of drill rod etoek; they were 12° long and 
aecctirately thrented cn one end so that they could be rigidly 


ecrewed inte nute which were tack welded at the proper places 
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on the column flanges and beam flanges. (See Fig. 9). One 
pointer arm was connected near the crown, and one was connected 
near each base pin, resulting in a total of three pointer arms, 

The basic formula used in computing deflection angles was: 

s = 70 
where ¢ represents linear length of are, r represents radius 
of rotation, and @ is the subtended angie in radians. For the 
small angles involved in this work, s was very closely equal 
to the linear length of chord. 

The Awee dials were mounted so that their plungers sade | 
sontact with the peinter arms at a point approximately ten 
inches from the centers of the pins. Ten inches, then, was 
approximately the value of r in the formula above; any devia- 
tions from ten inehes were of course accurately measured and 
the corrected radii used in computations. The cylindrical 
surface of gach pointer arm was beveled down to a flat surface 
where contact was made with the plungere of the Ames dials in 
order that the plungers would not slip off of the arne. 

The Sues dials measured the deflections of their plungers 
to thousandthe of an ineh. The readings of the Ames diais, 
then, represented linesr length of chord and were used for s 
in the formula above. Thus 9 and r were measured at three 
points where the model wembers deflected angularly under load, 
and the formula was used to sompute the angular deflections 


at these points. 
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Small lengths of aluminum angle sections were used to 
mount the Ames dials to the plywood. ‘The downstanding legs 
of the angles were screwed to the plywood, and the dials were 
attached to the upstanding legs. The diale were mounted so 
that there was epring tension on the plungers initially, or 
before loading was applied to the model. This was done to take 
up any bending of the metal pointer arms before actual experi- 
mentation was begun. | 

The linear deflection at the crown was measured directly 
by mounting an Ames dial with its plunger in contact with the 
undereide of the flange of one girder immediately to the right 
of the pin. 

Se15. 1 with Artieulated Model. The ten 
buckets which were to be used as weight containers for losding 


the model were weighed individually. The heaviest of the ten 
was found to weigh 8.8 ib.,1 and the other buckets were ballasted 
to bring thelr weights up to this amount. ext ten portions of 
the scrap steel punchings were measured out so that each portion 
weighed 21.2 1b.; ten more portions were measured out to 15 1b. 
each; ten more portions vere measured out to 17.6 1b. each. A411 
of these portions of steel punchings were placed in the immediate 


vicinity of the model so that they would be readily availabie for 
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1. It was decided that weight measurements to the nearest 0.1 
lb. were in keeping with the aceursey of model epnstruction. 
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loading, and each of them was plased so that there would be 
no conrusion as to the weight of any particular portion during 
experimentation, To losd the model, these portions of steel 
punchings were placed manually in the buckete, starting with 
the extreme outside buckets at each end of the model and pro- 
eeeding toward the center buckets. Symnetricnily opposite 
buckets were loaded simultaneously in small increments. 

Thus the load points on the load ve. deflection curve to 
be plotted for the articulated model were 0 1b., 8.8 16., 3 ib., 
45 1b., and 62.6 1b. for each bucket, or 0 1b., 68 10., 200 1b., 
460 1o., and 626 1b. for total leading on the model. This corres 
pouced to a simulated uniform loading of 0 1b. per foot of span, 
17.6 ppt, 60 ppf, 90 ppt, and 126 prf on the model. Multiplying 
e465 of these uniform load peints by the linear reduction factor 
n= 8 gave the corresvonding uniform loading on the prototype. 
126 x G6 = 1900 pref = 1 kp? = design load for protatype. 

Se16. Results for Artheulated Hodel. At a total loading 
of about 602 lb. on the model, or 96.5% of the total load to 
d@ applied, the section of the model to the right of the crown 


hinge apparently buckled slightly so that ite knee joint deflected 
Gownward toward the plywood, while the other knee wae noticed in 
&@ siightly rsaiged position. Loading was stopped and the left 
knee section was supported manually; when an attempt was made 

to presse this knee section down te ite original position, the 
right bai? of the frame buckled suddeniy and the frame failed 

by lateral buckling. Therefore the load vs. deflection curve 

for this model wae not plotted to completion, eithough deflection 
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Yeadings were obtained frow the Amea dials immediately before 
failure and the curve was substantially complete. 

The failure of thie model was explained by the lack of 
real iateral support. The prototype was designed assuming 
continuous lateral support akong the length of the girder 
provided by the steel roof planking and other longitudinal 
menbers of the structure. The flange areas of the girder members 
in the prototype were constant with length. In the case of the 
model, thie continucus lateral restraint was not supplied, and 
in addition the flange width ware varied in order te simulate 
the moment of inertia of the prototype, thereby depriving the 
model of one scurce of lateral stability in the eritie¢sl region 
of the knees. The lateral restraint in the experimentation with 
this model wae provided by the ball bearings underneath ahe. oe 
and by steel punchings weighing about 7 ibe. total placed on 
top of the web directly over the ball bearings. This amount of 
lateral support was shown to be inadequate in a most graphical 
fashion during experimentation. Increased lateral support was 
provided during experimentation vith the second (sémi-articulated) 
model, as described in the next section. 

The load and deflection data are presented in Table Ika. 
Deflections measured were linear deflection at eFown, angular 
| deflection at crown, and angular deflections at the base of the 
Columns. The tabular data is presented graphically in Greph 6, 
Angular Deflection at Points 8 and C, and in Graph 6, Vertical 
Seflection at Point 8. The rotational deflection at Point A, 
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or at the left base pin, was not plotted becsuse of obvious 
diserepancies, An evamination of dial renadinge at Point 4, 

Table Ida, will ehow that angular retation at this point 
apparent ly began in the wrong direstion with the initial loadings, 
butthat it changed direction in the prosess of loading somewhere 

‘between 6.8 1b. per bucket and 30 1b. per bucket. ‘This dis- 
crepancy was traced to play in the pin conneetion at A; this 
play a8 Seagurable in thougandths of an ineh and destroyed 
the validity of the firet dial rendings. Sowever, the first 
loading force the base pin into ites final position, thue 
effectively taking up the play or slack, and if the last several La 
dias readings are corrected accordingly they will be Zound to 
agree with the results at the other base pin (Point €). The 
reading at A is not nesessury except for purposes of cheeking, 
wines the mo ded wae symmetrically leaded and the base pin 
@efieation eould be obtained from Point 6. Hence, because of 
the defcetive base pin ecnnection, the data from Point 4 wae 
not plotted for either of the two sodels. 

On Graph &, the angular deflections at the erewn (Point 8) 
and at the Rase pin (Foint ©) for the articulated model are , 
plotted versus lead as a solid line. 4& seall reetangular syebol 
denotes the theeretical computed deflection ror each of thee 
Cates. A *Oomparison with theoretical resuite was sade by ex 
twapolating these curvee the #hort distance to the design load 
point, and 1% wae found thet the largest per cent deviation was 


at the crown gor rotationsi defleetton (20.0%); the per cent 
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deviation for rotational deflection at the base pinwes 9.6%, 
end from Graph 6, the per sent deviation for linesr vertical 
deflection at the crown was 11.7% | 
B=17. Additional Lateral Surnort. Since the first 
model failed at the knee by lateral buckling, brackets rere 
constructed and mounted on the recend model to prevent « 
similar failure, (See photographs). 3a11 bearings were thereby 
‘brought into contact with thetop as well as the bottom of the 
wes of the knee secticne. This arrangement prevented the 
failure of the second sodel, 
$28. HExeperimentetion and Hesulte with Semt-Artienis te 
Medel, ‘The amount of loading whieh would bring the extrexe 


fibers in the welded etrap to the yield point was predicted 
theoretically. It hae previously been shown that the moment 
resulting at the crewn ef the prototype in the hynothetical 
care when the abutting ends of the girder membere were welded 
rigidly together would be 34.9 tips. (See Table VV). This 
moment is proportional direstly to the load per foot of the 
prototype, The moment resistance of the welded strap on the 
model at the gield point wae shown to be .002686 ft-kipe. 

Sy the lows of vimilitude, .002686 x n® = .002666 x 512 © 1.376 
ft-kips moment resistance for a corresponiing strap on the 
prototype. Let y kpf = the uniform loading which woplé cause 
® goment ata rigia joint at the erown of 1.375 ftekips; then 


x * 1.278 
1 26.9 
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of y * 37.2 ppf for the prototype, or 27.2/8 = 4.66 ppf on 
the model, or 2.38 1d, in each bueket. Since each bucket 
alone weighed 6,8 1b,, and the time to construst additional 
| apparatus to apply a smaller loading to each wire wae not MS 
available, it was decided to apply the loading on the semi- 
articulated wedel in exectly the same manner as it was applied 
to the firet model (Section S15.). What happens in the region 
of the yield point of the strap is not of particular importance 
to the results of this investigation; rather an over-all picture 
of the action of the strap from zero loading te design loading 
ig the main objeet of the investigation. 

the same deflections vere seasured for this model as wore 
measured for the firat model (Section G16), The resulte are 
plotted as dotted lines on Graphs 6 and 6, It is seen that the 
welded strap allowed 21.6% more angular deflection st the erown 
than did the true pin, 19% gore linear deflection at the crown | 
than with the pinned model, and 14% gore angular deflection at. 
the base pin than with the pinned model. 

The entire load was removed from the model and a check 
was wade of the no~load readings (See Table IXb). Point ¢ 
returned to its initial rere reading; but, as wae expected, 
both the angular and vertical (lineer) Stale at Pe'nt 3 showed 
& permanent set. This was due to the overstressing of the strap 
which caused the metal in the strap to flow plastically. A 
reloading ® the designed model load (125 pef) showed no appreci«~ 


able change except in the angular defleation at the erown. 
This is net considered important, since the diserepancy eae 
prebably caused by the movement of the pointer arm as ex~ 
plained in Section 818, a 

el ?, The 20.0% maxiwum 


por cent deviation between theory and experimentation is not 
gonesidered excessive. In the 1928 model teste on the San. 
Pranoisec-Onkland suspension bridge, the obeerved deflections 
showed s range of 6% to 12% spproximate devietion from theoret- 
Lawlly computed valves.2 Poreible reasons for the deviations 
An this work are Lieted below: 


i. The mmehining or finiehing of the model was not done — 
to the expected accuracy; thus the toment of Lnertia 
relationship between model and prototype was not 
tigidiy applied. : 


2, There was gn uncontrollable up and down movement of 
the ends of the pointer ares at the pointe of contact 
with the dial plungere. This sovement was due to — 
flight twisting ef the model members. Thue the pluagers 
rested on a changing surface, and the seneitive Ames 
diale reflected this. Attempte were made to sompensate 
for thie effect, : } 


&. Ten equally epaced concentrated losde were eudstituted 
in the model for the uniform load used in theoretical 
somputations for the protetype. 


4. There was some slack or play in the Base cin. nonnesetions, 
as ezplained in Section 216. 


These factors are etab®? ag poseible explanations for the dis« 
Grepancies, but any attempt te avaluate quantitatively the 
affect from each factor would be extremely difficult. 


1. Segge, Davis and Reedy fests on structural godele 
off inkiand suspension Bxidee. P.134, 
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CONGLU SI0RS 


S20. Gonglusions in Segard to Ghieet of Iavestiga tion. 
The resuite of this investigation show that the semi-flexible 
welded strap apparently offers lees moment rerietance than 
dees a se-cnlled true binge at the crown, The pinned consec- 


tion used in the firet model (lee photograph) was precisely 


machined ani offered no monent stance under no load 
sonditiong. but under loading loesal distortions eaused moment 
resistance of greater magnitude than the resietanes in the 
soall welded strap. The pin was checked in double shear and 
Souble shear bearing and it wae found that 1% wae pos over~ 
girecsed, Thies investigation tends te establish, but of 

ecurse dces not conclusively prove, that loesl distortions 

in the region ef a pin will often cauce grenter moment resis 
tance than that obtained frow a semi~flerible welded strap of 
the type designed herein. In regard to the Amirikian wedge~ 
beam theory, the Investigstion demonstrates that a semi-flexible 
Connection acting in place of a pinned sommestios will not 
ehange the ¢lastic characteristic of the frane appreelably and 
that it sertainly will mot change thie characteristia in the 
direetion of more moment resistance in the cennestion. The — 
authors observed that the verg small welded strap used in the 
seml-articulated wetel teok the design losd very weli, although 
this etrar war designed exnetiy at the design limit for the 
ruling factor of eomprerston (Seetion 4-4), and furthernore the 


frame iteelf wae underdesigned (Seetion 3-2). 
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It is felt that the date fron this investigation may 
be interpreted more advantageously in the light of further data 
fro@ the maaceeding experimentation. Suggestions for such 
further study are given in the next section. ) 

To reiterate, the following conclusion may be sentesinely 
taken from the data of thie investigation! & gsyall welded satrap. 
max be used in nince of the erown hinge in a three-hinged wedze- 
hean {rane without anpreciably changing the deflections of the 

te21. one for Further Study. This thesis contains 
the design of a smaller model with a linear reduction factor 
of n= 20. (See Table VIII). Construction and experimentation 


of this model would yield data which would be valuable in the 
study of seale effect (Section 3-7). Of course the design and 
eonstruction of several modele with varying reduction factors 
would yield a more complete understanding of eeale effect as it 
applies to this work. 

dleo it ie recommended that a celluleid model be constructed 
and analyred by the Beggs Yeforseter technique. The eelluleid 
model could be locally reduced or eut down tn the region of the 
erown £0 simulate the stiffness of the strap relative to the 
etifiness of the girder membors, although a large model would 
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ig a method eould be devised for succesrfully reoving 
and rewelding the small strap connection en the second model 
used in thie work, 1% ts suggeated that experimentation be 
gonducted with different straps acting at the crown, These 
strape would be inereased by emall increments from the sine 
of the welded strap used in thie work, 

Perhaps Sore applications of sewi-flexible welded straps 
acting as valid substitutes for ping gould be found in the 
general field of atructural engineering. 


iv,  Gomputations and Exmerimental Data 
dui. Resign of Erototyne.(See Fig. 2). 
Yertionl reaatione ot A and ¢ 
Yuh xl x40 @ OF 
Horisontal thruets at A and © 
My = 0 (clockwise moments assumed positive) 
lig = +(20280) ~ (Bgxi2) ~ (ix20x%2) = 0 


BR, @ + 26.67*% (aeting toward right) 
& 16 UP 4O with @ 4:1 eut was chosen. (See Page 9) 
Griti¢al seeticns Db’ and B* were checked for combined 
leading. (See Fig. 4) 
| Section at 0 

Bonen’? 
~- 16.67 x 12 = = 260,00 fk 
#~ 1.0 * (.gpz)” « ~ 0.69 


+ 20 x 1.083 = + 21.66 
- 178,93 fx 


fieg'd $= WM 12 ~ 278,98 = 107.4 in.® 
¢ 20 
Ip: * 129% an.4 


hp © 227 ¥ 0.608 + 2.5.91 x 0.807 = 7.04 ¢ 7.34 © 
14.28 in.2 
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Age@ume wontinuous lateral bracing 
Fn, * 17.00 kel.; Fp @ 20.900 ket. 


ft, * ca . 118.98 212 2 ARSE @ 19,19 kei, 
ft, * hoe gh @ 1.16 kei. 


2° z° spike * 1242 © 0.0882 + 0.988 © 1.026, 
(2.6% underdesign) 
Seetion at 3" 
Homent 
~ 16.67 x 10.92 © = 182.0 fk 
Rog'd 8 « LAO * 109.2 in.4 


ipe * 1802.6 4n.4 
Ags © 7.04 + 7,12 = 14,16 in.? 


Sesuse laterel breeing at 2' intervals 


ror = (1/a)t « (L708, 88 = 9.6 in. 


(Ai oy © REAL 2.00; Fy © 17.00 ket. 


i aan oT * 164.6; Fp = 20,09 kai. 
bt 7, 00n5.08 | 


14.16 
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tA * i - 1.412 * £« 6.088 ¢ 1.01 = 1.09 
{9% underdesign) 
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Web Shear at A 


Allowable shear = 18 bt = 13 x 6 x .307 = 23,95 * 
Actual shear = 16.67 * SAPS 


Section moduli furnished compared with section moduli required 


along girder. (See Table I and Graph 1). 
Section moduli furniehed compared with section moduli required 


slong eolumn. (See Table I and Graph 2). 


Vommutations of Bef 
By Virtual Work 
At crown hinge (B) (See Table I1) 
At base pins (A @ G) (See Table I11) 
Sy Amirikian Method (See Table I¥) 
Design of Yelded Strape to Replace Crown Hinge. 
(See Fig. 8 and Section 3-4, Page 13) 
(2) Vertier1 Shear 
(1) asause bent weightless and a live load of one 
Kip per foot applied on left haif of girder cnly. 
lig = -(1x20) (20410) * Vy (40) = 0 
v, = 16% 
¥p = 20 ~ 16 = BE 
(2) Aseume girder weight of 40 pounds per foot and 


live load (on left half of girder only) of 960 
pounds per foot. 
Mg @ ~(40940)(20) - (660220) (20410) + ¥,(40) = 0 
Va = 16,2k 
Yp © 20 - 15.2 = 4,9% 
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Assumption (1) gives maximum shear at 3. 
According to Section 21(a), ALSO Specifications, the 
minimum shear for which a welded connection ean be designed 
is 10 kips. 
Allowable shear stress = 13 ket. 
Agsuee one strap on each side of web and « denth of 2”. 


Req'd strap thickness = 10 ss = 0,192 in, 
. ix2x2 


(b>) Compression 
Assume two strane with following dimensions: 
d= 2° | 
t @ 3° (See F*-, 2} 
1 = $* | 
Least radius of gyration = r = { 1/a)® 
I= i. at? «= ds (2)(¢)5 = de in. 


A@= 4te2x% 2 $ tn? 
T/a)® wy te : 
CAN ah * eahge 4 


Be hy - 6.95 
2. /15.86 


Aliowable compressive stress 
f = 17,000 - 0,496 (2)? * 16977 psi. or 16.96 ket. 


Heq'd Ares = ret 0.492 in.” per strap. 
2x 16.88 


Furnished Area = dt « 2 x #@ = 0.89 in? per strap 
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{c) Straps selected 
2 gitrape 
a = 2* 
t= ¢? 
beat 
(4) formals for rement resistances of strare for protetype 
(See Fig. 8) . 
(1) Serivation 
Aseume atrese diagram as shown in figure. 
One strap 
lig = 2(Sy A/gw8/4) © By ae sd S2(at)a tk. 


Both Straps 
Taos anaes @ ent. -376 a2 fk. 
(2) Applieation to selected straps. 
Mp = 1,978 (2)® (&) © 1.378) tk. 
4~4. esian of Soda). 
(a) Application of laws of simllitude. 

(See Seetion 2&8, Page 16, and Sestion 37, Page 20) 
Lf/ly =n B 
Seam length of model * 40/g = & ft. 
Column height of model = 12/g * 1.5 £t. 
G/e n2 @ 64. 


% * 40.990. * 626 ibs. 


: ni = 4096 (See Section 3-6,Fg. 22, Tabie VI, 
and Table Vit) 
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(ov) Weld design ~ flange to wed section. 
Sortvontal Shear Check (See Fag. 9) 
Pt. BY, (See Fig. 4) 
Ep: @ Yo = 212,5.2.0,146 * 1.66 * 20.6 ppi 
oh Bo at 0.244 


Point of application of one of loade nearest Pt, 3. 
Hy * VQ/I = 62,8 90 = 61.0 ppt 


Since a continuous slot weld was selected (See fegtion 2-12, 
Fege 28) and the horftvontal shear was eo low, this weld design 
need not be continued. | 

(ce) Yelded strap connection (See Section 2-7, Page 20, 
and Section 3-10, Page 26) 
Firet trial strap (4 = 3/8"; t= 1/6"; 1 = 1/4") 


I «= 1/22 (1/8)% (g/a) = eer in, 4 
=z x 


A= 2/8 x 1/8 = 3/64 in.® 

v= (1/a)? @ 1/27.7 an. 

l/r @27.7/4 = 6.92 

Lonriow, * 18-98 ket. 

P= Ba = ) (62.6)(3 + 9 + 16 + 21 + 27) = 260.6 p 
7 | or 0.2606 k 


Be oe = 9,01536 in. 
wee. eK 5 


Sactual @ 2(3/8)(1/8) = 0.094 in. (tec much) 
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Second trial strap (4 ="; ¢« 1/8%; 4 w §*) 


I~ 2 (1/8)%(1/4) @ : 4 
tr ‘ r if x 64 x 82 tn 


A (1/4)(1/8) « 1/82 4n.? 
r= (1/a)? © 1/27.7 an. 
l/r = a7 * $6.98 


# 9.01836 in.? 


‘rag: | 


Aastuel *= 2(1/4)(1/6) = 6.0626 an.2 (toe auch) 
Third trial strap (4 @ @"; 6 @= 1/16"; 1 » @*) 


iw) (2/16)5 (1/4) » in.4 
ge * ache“ 
&» (2) (1/4) © 2 4n.2 
* {4 a i 
v= (I/A)@ & 1/65.4 an. 


ifr Bind © 1%, 85 


Areo, * 2.2808 * 0.0254 in.? 


Anetual © 2(1/16)(1/4) © 0.091 in.? | 
Vee one strap - Agetusl * 0.021 * 0.0155 in? 
! g 


VY = 2/64 (10) = 0.16626 & 
4aveo. * cP hORe * 0.01202 in.2 Gare 


My » $(1. 278 43s) @ Lage (1/4)" (1/16) © 0.002688 fy 


* 
2 
Botta: 4 
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Comparison with strap connection for pretotype. (See Seetion 43) 


n= 8 
tyne yalue divided Mode). value 
by 2 or ne. 
a 2 :. 8 = 1/4 1/4 
t t. 8 = 1/32 1/16 
h t28 « 1/16 fe 
—-2,878 = (8)% = 0.002686 0.002686 


Crities] lead increments 
lin (prototype) = 1.376 fk 
Aa * 1000 ppf = 87.2 ppf (load on prototype to give 
moment of 1.376 fk at etrap) (See Table ¥) 
are “ 4,66 ppt (load on model) 
4.86 * 2.33 pounds per wire. (load te strese strap to 
2. elastic limit) 
4~5. Sxperimental Data: Articulated Model (See Table I%~4) 
Semi-articulated Nodel (See Table I%-b) 
Length of pointer arme for dinls. 
Point & » 9.82 in. 
Veint © ~ 9.86 in. 
Point B~ (srtieulated model) = 36.11 M 10.42 = 10.266 in. 


Point 3B - (semi-articuleted model) = ee eel * 10.3140 
Sauple computation (Point 8 - 8.9 peunds ner wire) 


029 = .90288 radians 
10, 265 


ment 


Ss 2 oo 3 *® @ & & Be 


TABL# I 
Moments of dnertia and Section Yodulis 


of segments 
fies © Pipes: Mon 
603 in, (ind) 1,0064n, 
7.19 99.2 6.7 
10.60 193.7 10.0 
13,83 6328 13.3 
17.17 619 16.7 
20. 80 739 20.0 
23.83 1001 23.3 
24.60 1067 24.0 
22.60 890 22.0 
20.80 739 20.0 
18,60 602 18.0 
16:60 499 16.0 
14.80 390 14.0 
12.60 2974 12.0 
10.60 193.7 10.0 
8.50 129 8.0 
6. 60 74.4 6.0 


TABLE I 


(103) 
26.6 
29.9 
BS. 6 
72.2 
89.6 
109.0 
113.0 
101.0. 
89.6 
79.1 
68.6 
66.6 
49.0 
29.9 
1.2 
22.6 
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TABLE IL 


at Grown Hinge by Virtual Work 


(Tension on outside of bent considered positive) 


m1 
+ 16.67 
+ 60.0 
+ 82,32 
+116. 67 
+160.0 
+182, 23 
+180.6 
4144.6 
+112.6 
+ 64.5 
+ 60.6 
+ 40.6 
+ 24.6 
+ 12.6 
* 4.6 
+ 06.6 


I 
97.8 
219.3 
398.7 
627.4 
944 
1326 
1411 
1162 


oc 
*,042 
+,126 
+, 209 
+, 292 
+, 376 
+, 468 
+, 526 
+, 875 
+, 626 
+. 675 
+, 726 
+,776 
+. 826 
+, 876 
+, 925 
+,.975 


Shay 
40, 822 
+2, 500 
+4.167 
+5, 823 
+7, 500 
+3 .167 
+96 
+8.5 
+7 6 
+6,65 
+5.5 
+46 
+3,5 
+2.5 
41.5 
#05 


7. 


0071 
0286 
0437 
0538 
0896 
0638 
0672 
0718 
0744 
0763 
.0764 
0712 
0636 
0499 
0296 
0089 


(eont'd on nert race? 


51 


itm, 


.1416 
. 6700 
8709 
1.0674 
1.1928 
1.2680 
1.2140 
1.0640 
8925 
7346 
. 6720 
4140 


2696 
1426 


0480 
.9020 
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TABLE II (cont'd) 

i cent eee a M/t Mm. My Tm ar 
17 + 0.6 79.9 .008 +.025 40.8 0002 .0080 
‘18 + 4.6 140.1 .08@ 4.076 41.6 0024 0480 

19 + :212.8 219.8 087 *.128 42.8 007. 1486 
90 + 24.8 218.2 .077 *.176 42.8 0188 .2696 
(2k + 40.8 «440.2 .092 «+.228 44.8 © 0207 =. 4140 
22 + 60.6 684 .104 +.276 +5.6 -0206 .6720 
23 + 84.5 61 .128 *.828 46.5 0887 7346 
24 112.6 044 1219 +.976 *7.6 (0446 .8926 
25 4144.6 1162 124 +.426 48.5 - .0827 1.0840 
26 +180.5 241 .1279 +476 49.6 0607 2.2140 
27 +185.33 1226 .1283 +.468 +9.167 .0888 1.2680 
26 4150.0 944.188) +378 7.6 © 30896 1.1928 
29 116.87 687.4 .183 9.201 48.828 .08383 1.0674 
30 * 83.88 306.7 .209 4,209 44.167 0487 .a8709 
Bl + 60.0 219.3 1228 +.128 *2.8 0886 .6700. 
$2 ¢ 16.67 97.8 .190 +042 *0:833 0071 .1416. 
a 
(8s ca, tlie SS @ 2.3692 «2 e144 & 01204 Rediene = 44.8 minutes 
30,000 


Ag «= my 4s = 20,8086 x 2 x 1928 » 2.40 inches 


Bd $9,000 
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pia er 
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TABLZ I1l 
Rotation at Base Pine by Virtual York 


| (Tension on outside of dent considered positive) 


Section ig bs] 
& Dd 16.67 x l= «/24 
D> 8B 200-20 x+ 2/2 0.6 = x/4 
, 8 200.20 x + ¥8/2 -0.6 + x/40 
chF 16.67 x - x/24 
segment ue m + an 
4 + 16.6? +.958 97.8 +,1622 
2 + 60,00 +, 875 219.5 +,.1992 
3 + 83.23 +793 398.7 +,1652 
4 *116.67 +. 709 627.4 +,12997 
§ *150.00 +. 626 944 +,0994 
& +183. 33 +, 642 1326 +,0750 
7 +180. 60 +,476 1411 +.0607 
S #144, 60 +, 426 1162 +,0528 
9 ¥112, 50 +, 376 944 +, 0446 
10 + 84.80 +, 826 761 +0366 
1l * 60.60 +, 276 534 +.0286 
42 + 40.80 +, 225 440.2 +.0209 
12 + 24. 60 +.176 318.2 +.0135 
14 + 12,50 +.126 219.3 +0072 
15 + 4.60 +.098 140.1 +,0024 
16 + 0,60 +.0265 79.9 +, 9016 


{cont'd on next nage. 


o4 = 


es 


tte 48 = 6761 x 2 x 144 


+ 


+ 


> 


+ 


24. 60 
40. 60 
60. 60 
84.60 


+112. 60 
+144, 60 
+180. 60 
+183.22 
4150.00 
+116.6? 


ve 


+ 


+ 


82.32 
50.06 
16.67 


af 


TaHLe ITT (cont'd) 
Mm 
m i 4 
~.026 79.9 ~.0016 
= .076 140.2 0024 
-.126 219.3 -.0071 
~.176 218.2 ~.0126 
~. 226 440.2 -.0207 
~.276 584 ~.0286 
-. 228 7651 ~.0866 
«376 944 = 10446 
~. 426 1162 ~.0628 
~.476 1141 ~.0607 
-. 458 1226 = .0634 
~. 375 944 -.0696 
-. 291 637.4 ~.0833 
-. 209 298.7 -.0487 
-.126 219.3 ~.0288 
~ 042 97.8 ~.0075 
+. 6761 
* .0055206 Sadians 


30,900 


# 19.01 Minutes 


TABLE IIL 


TABLE LV 
Sotetion at Srown and Suse dinges 
iy. dmiriktan Method 
Segment Mi L Wyk “ee 
i 16.67 97.8 .190 1 0.1970 
2 60.00 219.3 .228 z 0.684 
3 83. 83 298.7 . 209 5 1.046 
4 116.8? 627.4 182 7 1.261 
& 150.00 944 .169 9 1.482 
6 183.32 1326 138 1 1. 621 
? 180. 6 1411 et 1.636 
8 144.60 1162 ae 1.488 
9 112. 60 944 .119 12 1.426 
10 @4. 60 763 is 2 hee 
il 60. BO 684 104 = 18 1.248 
2 40.60 440.2 .o92—ti«aR 1.104 
ig 24. 60 18.2 097 12 0.924 
14 12, 80 219.3 067 12 s«. BBG 
16 4.60 140.1 082 12 0.584 
16 0.8 79.9 006 12 0.072 
1.929 16. 266 
és = 2.0 
= Mgas * 92.71, 5, ja = 2.678 


Ou, " S2.2h.x.144 = 0.015084 radians © 44.8 minutes 


14) - -O18064 = .0186144 —.012054 
« ,OO68204 radians = 19.Gi sinut 


TABLE LV 


he 
A 
Segment | 
1 aiexay 
2 ee 
2 ao 
4 ames 
') = 
o Se 
” - 19.5 
8 - 56.6 
9 = O7.6 
10 -116,5 
11 -139.5 
12 -159.5 
13 =175,8 
14 -187.5 
16 -195.5 
16 -199.5 


> = BA, = -6.2004 x2 x2 .X 


I 


2,2 = By, = +6.4681 x 2x 2 = 


Ba = 297.62 = 13.60 k 


21.87 


712 
+12 


Z 


97.8 
219.3 
398.7 
637.4 
944.0 

1326.0 
1411.0 
1162.0 
944.0 
761.0 
584.0 
440.2 
318.2 
219.3 
140.1 
79.9 


Mp = 13.6 x 12 = 163.1 fk 
Mp = 200.0 - 163.1 = 36.9 fk 


TABLE V 


M/I 
--- +0 
ae +0 
--- +0 
Le +0 
ee +0 
--- +0 
-0.0138 +0 
-0.0477 +0 
-0.0928 +0 
-0. 1540 +0 
-0. 2389 +0 
-0.3622 +0 
-0. 5520 +0 
-0. 8660 +0 
-1.3960 *1.. 
-2.4880 +). 
-6.2004 +6 
12 = -297.62 
*21..87 


.0102 
.0410 
.0627 
.0769 
.0858 
LOTT 
~ 1021 
. 1238 
. 1527 
1921 
. 2465 
. 3271 
. 4625 
. 6570 
0280 
8020 


. 4681 


56 


= 


sos eo 8 tt oe &® &® wy Ke 


n-ne 
>» @& & &F O 
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66.6 

97.8 
22.9.3 
298.7 
627.4 
944.0 
1324.4 
1644, 6 
1410.4 
1162.0 
944.0 
751.0 
584.0 
440.2 
$18.2 
219.3 
140.1 

79.9 

66.6 


TABLE Vi 


5? 


as 
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ee 
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| fr 
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cervoonuanee| 
8 


120 
.120 
180 
«120 
120 
10 .120 
li .120 
12 » 130 
IS = 6180 
14 .120 
Le 120 
16 130 


="4n/g 


0.780 
0.959 
1.275 
1.782 
2.209 
2,625 
2.041 
3, 250 
3.126 
2,875 
2.6265 
2.276 
2.126 


1.875 — 


1.625 
1.875 
1.125 
0.876 


TABLES VII 


(4) 


*¢° 


9613 
-0612 
9613 
0613 
0613 
C613 
-9612 
-9613 
0615 
0612 
-0613 
-0612 
-0613 
-96123 
- 0613 
0618 
0612 
0612 


Computation af Model EE) hh Pa RE Ri 


1. 262 
1,668 
2.086 
2.802 
2,918 
$.127 
&.002 
2,762 
8. 602 
2, 252 
2,002 
1.762 
1.802 
1.262 
1.002 
0.762 


(6) 
wed 


.00267 
00626 
02127 
05019 
09849 
- 16976 
. 26894 
. 82129 
29313 
. 22683 
- 16976 
12376 
08695 
06827 
02672 
02127 
-01090 


6 20461 


* t71 - assumed thickness of flange plates 


(Cont'd on next page) 


(7) 
Total 


req. 


01379 
02386 
«05250 
99740 
16561 
» 22040 
- $2323 
- B7707 
» $4432 
. 28400 
- 28040 
- 18220 
14250 
. 10760 
.O7780 
05260 
02422 
~01951 


Tg ~ i > mt 
x 
‘ 
ey | 
{ ie rd : 
~~ 
‘ " a 
at Sy 
' Wee. ht lags 
paps: 
ee 4 ag q 
ie sae SBN Sale ea , 
¥¢ ¥ rs vy es) + : 
oe he 
» As 
id j “1 vhlbo ih 


“> 
‘3 
sae 
oe 
a at 
ans 
= 
at 

ey : 
Fated 
4 
ries 
— 
12. 
i 


ead, 
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01112 
91749 
-O8223 
~O4722 
05712 
96076 
- 05429 
-O4578 
~O6129 
06817 
96070 
08944 
08555 
94923 
94108 
93223 
- 92332 
01490 


(9) 


0.696 
0.904 
1.320 
1.736 
2.164 
2. 670 


2.986 


3.196 
3.0760 
2.820 
2.570 
2.820 
2.070 
1.820 
1.670 
1.320 
1.070 
0.820 


TABLE VII 


(10) 


(Go1.9)? 


0.48203 


"0.81902 


1. 74246 
$.01022 


4.64408 


6. 60490 
8.91022 


10. 20802 


9.42499 
7.96246 
6. 60490 
5. 38240 
4. 28490 


3.81240 


2.46490 
1.74240 
1.14490 
0.67240 


(eont'd) 


(12) 
Pz.068 


- 01642 


02786 
06924 
10236 
.16790 
22467 
20296 
34707 
32045 
27088 
22457 
«1800 


14569 © 


.11262 
.08381 
.06924 
-O3892 
-02286 


#¢ ¢'o) =~ actual thickness of flange plates = 


TABLE VII 


(12 
Ata 
377 
628 


. 644 


. 461 
. $62 
270 
. 180 
ise 
160 
215 
270 
- 326 
. #81 
437 
~ 499 
- 546 
. 699 
. 652 


968° 


59 


) 
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TABLE VIII 
Slternate Model Design 
Let n = 20 L/ig = n 
mae 2 W/¥2 © 2m 
ig = & | 
| t = 0.12300 inches 
ea tale Genie 
ae 66.6 000179 91634 
a 97.8 .000206 ,O2826. 
ez 219.2 000685  .o6g23 
8 298.7 001246 .11602 
4 637.4 001992 . 18288 
é 944.0 002960 27281 
(1808.5 004072 . 27697 
p 1392.0 = 004353, 40181 
a 1162.0 002631 - 33619 
te 944.0 002960 . 27281 
10 751.0 .002247 21664 
ii 684.0 001828 16846 
12 440.2 001276 12702 
1g 218.2 000994 09175 
14 219.3 .000685 06328 
16 140.2 .000488 040438 
16 79.9 000250 02209 
F 56.5 000177 01634 


I/le « np 
0/82 = 1 


0.254 
0, 206 
0.896 
0.486 
0. 668 
9.648 
0.722 
0.788 
~—6O. B96 
9.648 
0.600 
9, 651 
O .603 
0.461 
6. 396 
%, 244 
0; 285 
0. 284 


*Segment designations are the same at theese used in the 


firet model as shown in Fig. 4 and Fig. 6. 
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TALS IX 


Tia 


a ee a ee 


Foot Reading Diff. Angle ‘Seading Diff. Angie 


200 800 
a ee 871 29 00883 
| 298 2 619 81. 00789 
90.0 286 14 481 119 01160. 
118.0 8% 26 | 460 160 .01462 
Point B{Vert.) Point ¢ 
Poot Fondins Dar?. feettas Maff. Angle 
400 200 
17.8 489 59 293.5 6.8 .00066 
60.0 666 166 277s «eBtC«wOR BA 
90.0 647 249 266 36 00886 
118.0 713 213 262 40 48—Ss«. 00487 


Diai Readings in 0.001 inch. 
Angles in radians. 


ikea 


G2 


TABLE 1X 
Iz-b 
SeminArtiouhated Model 

Pore per oni ‘Point & i. Cala Foint 2 

Wire Foot Reading DAaff, Angle Heading Diff. Angle 
0 ) 720 ~- 420 si 

8.8 17.6 677 5S 390 gO =. 00290 
0.0 60.9 661 79 336 8 8 §=.00814 
48.0 90.0 630 100 pee saslk «1269 
62.6 125.0 coy 0127 22806 :1197—Ss«W 909 
s) 0 726 ~~ B40 ‘ney 

62.8 1265.0 659 66 192 «#469149 0«= «.01462 
Por Per Drax Dial tains & 
Wire Foot Reading mare. Reading Diff. Angle 
) ° 490 at 920 veg 

6.8 17.6 652 61 914 6 .00061 
20.9 60.0 675 185 894 26 .00264 
46.0 90.0 770 280 880 49 = .00400 
62.6 126.0 890 400 a64 56 39 . 00569 
i) o 526 me 919 oe 

62.5 125.0 893 387 864 3s «BB st=«é«CB SG 


Dial Readings in 0.001 ineh. 
Angles in radians. 
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